Abstract: Background: Gold mining is traditionally processed by the method of amalgamation, that is a process using mercury to bind to gold. Mercury is free radical able to increase the Reactive Oxygen Species (ROS), inhibit enzymes, interfere with the metabolism of the body antioxidants, especially superoxide dismutase (SOD) and glutathione peroxidase (GPx). Low levels of antioxidant enzymes can be used as a parameter indicating that level of free radicals in the body is high. Low levels of antioxidant enzymes is caused by the reduction of thiol group on the antioxidant enzyme protein as it is bound by mercury, because these compounds have a strong affinity for thiol clusters. This study is aimed at determining whether there is difference of the status of antioxidant enzymes between nonminers and traditional gold miners. Methods: Observational design used cross sectional design. The samples were 30 non miners and 32 miners, sampling technique was simple random. Status antioxidants including SOD level, catalase, and GPx were measured by Elisa method. Level of mercury was measured by method of Mercury Analyser Cold Vapour. Data were analyzed by t-independence test due to the normal data distribution. Results: The mean level of mercury in non-miners was 40,89 µg/L and that of miners was 104,49 µg/L, the level of SOD of non miners was 365 U/mL and that of the miners was 219 U/mL, the catalase level of non miner was 5,48 U/mL, and that of miners was 3,35 U/mL, GPx level of non miners was 90,85 U/mL, and that of miners was 51,88 U/mL. The analysis results showed that p-value was 0.000. Conclusions: There are significant differences in the status of antioxidant enzymes and mercury levels in both groups of miners and non traditional gold miners.
Intoduction
Mercury (Hg) is highly toxic metal, which can result in very dangerous impact for the health disturbances in the central nervous system, kidney, respiratory tract, immune system, skin, reproduction and developmental disorders. 1 Mercury can also cause damage to biochemical tissue and gen through various mechanisms such as intracellular calcium homeostasis disturbance, disrupt potential membrane, change the protein synthesis, disrupt the path of amino acids in the central nervous system. 2 Mercury is widely used in industrial processes, such as industries of thermometers, hydrometers, barometers, sphygmomanometers, floerescent light, batteries, pesticides, plastics, caustic soda, chlorinealkali, gold mining and used in the laboratory. [3] [4] [5] Globally, the largest sources of mercury emissions result from traditional gold mining. 5 In Indonesia, approximately 57.5 % of mercury emission sources also come from traditional gold mining with the total of emission is about 195 tons/year. In 2010 there were approximately 900 locations covering about 250.000 workers involved in traditional gold mining. 6 One of the areas in Central Java province, precisely around the mountain Randukuning, Sub District of Selogiri, Wonogiri Regency there are gold mining activities traditionally done. The results of mining are processed by the method of amalgamation, that is the extraction process and binding the gold metal from ore using mercury. Mercury penetrates into the body through inhalation or skin during the process of evaporation, so that mercury in the form of vapor is inhaled into the lungs and approximately 80% will be absorbed and distributed throughout the body. 7 Results of a preliminary survey conducted by Rianto in 2010 showed that about 87 workers had high blood mercury levels, that was 6.07 μg/L -257,87μg/L. 8 The average of blood mercury levels exceeded the threshold allowed by WHO ≥ 10 g / L .
This condition can describe that the traditional gold miners are at risk for mercury poisoning .
Mercury is a free radical that can increase the formation of Reactive Oxygen Species (ROS) such as hydrogen peroxide (H 2 O 2 ) , superoxide (O 2 •) and hydroxyl radical (•OH) , increase lipid peroxidation , cause DNA damage and cause oxidative stress. [9] [10] . The attack of free radical on lipids causes lipid peroxidation reaction. The harmful impact of the mercury accumulation in the body is releasing ROS and increasing lipid peroxidation in the cell. 11 . The emergence of the action of ROS is caused by low antioxidant system so that its activity in counteracting ROS will not be perfect. Low defence system of antioxidants is caused by the reduction of thiol cluster in antioxidants protein and antioxidant enzymes as it is bound by mercury, so it leads to depletion of antioxidants and decreases activity of antioxidant enzymes such as superoxde dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx), this condition can cause the depletion of reduced glutathione levels and accumulation of H 2 O 2 , which in turn causes oxidative damage in the cell membrane. 12, 13 . Oxidative stress occurs resulting from the amount of ROS in the body exceeds the amount of antioxidants, in which the excess will attack the components of lipids, proteins , and DNA. 14 Some studies reported that rats induced mercury increased ROS production , lowering antioxidant enzymes SOD , CAT and GPx 4, . 15, 16 The research by Al -azzawie et al., 2013 proves that the long term exposure to mercury significantly relates to high level of mercury in the blood and blood mercury level affects the level of SOD, CAT and GPx in workers exposed to mercury. Various efforts have been made by relevant agencies with regard to minimizing mercury exposure among others by the use of PPE , especially during the evaporation process of gold ore. However , most of the miners have been poisoned by Licensed Under Creative Commons Attribution CC BY mercury in which blood mercury level is ≥ 10 g/L. This study is aimed at determining whether there is the difference of the status of antioxidant enzymes between non miners and traditional gold miners.
Methode
The study design was observational analytic with cross sectional design. 17 The study population was the entire population living in the village of Jendi, Selogiri Wonogiri in 2014. Samples were obtained by Simple Random Sampling method. The samples were 32 miners and 30 non miners who met the inclusion and exclusion criteria. 18 The inclusion criteria of miners: living in Selogiri, male, age 20-60 years, working as a gold miner, a normal BMI, willing to become respondents. The inclusion criteria of non miners: living in Selogiri, male, aged 20-60 years, not working as a gold miner, a normal BMI, willing to become respondents. The exclusion criteria: having disorder of the immune system, heart and brain infarction, pulmonary tuberculosis, diabetes, sepsis and severe infection or other disorders.
Mercury level was checked by a method of Mercury Analyser Cold Vapour in Environmental Health Engineering
Center for Disease Control in Yogyakarta, while examination of SOD, CAT and GPx as status parameter of antioxidant enzyme was conducted in the laboratory of PAU Gajah Mada University Yogyakarta with the reagent kit from Randox. Statistical testing used to analyze the data was t-independence due to the normal distributed data. 
Results

Discussion
The results showed that there were significant differences between the average of mercury level in non-miners and miners group (p< 0.05). These results are consistent with the study of Al -Azzawie et al. 19 stating that there were differences in average levels of mercury between the group not exposed to mercury, groups of workers exposed to mercury <10 years and groups of workers exposed to mercury >10 years (p<0.01). Gold mining traditionally done in Jendi village, Wonogiri Selogiri is processed by the method of amalgamation, that is the process of binding metallic gold from the ore using mercury. In the process and the extraction of gold, a large amount of mercury is used to form amalgam with the gold . Amalgam is then heated so the mercury evaporates , resulting in a large release of mercury in the atmosphere. 20, 21 The mining waste from the amalgamation process containing mercury is directly discharged into the environment without prior process, so it contaminates the environment. As many as 10-30 % of mercury used in these activities will be released or lost into the environment. 22 Mercury can penetrate into the body through inhalation or skin during the process of evaporation so the mercury in the form of vapor is inhaled into the lungs and approximately 80 % will be absorbed and distributed throughout the body. 7 Mercury can also penetrate the body through food or beverages such as consuming mercury contaminated well water, eating vegetables produced from mercurycontaminated soil, using cooking utensils and cutlery contaminated mercury etc.
The results showed that there were significant differences between the average levels of SOD, CAT and GPx in the group of non miners and miners (p < 0.05). These results are consistent with studies of Al-Azzawie et al. 19 that stated there were differences in average levels of SOD, CAT and GPx between the group not exposed to mercury , groups of workers exposed to mercury < 10 years and groups of workers exposed to mercury >10 years (p < 0.01). In the group of miners, mercury exposure was more than that of the non miners, it can be seen from the average blood mercury levels in the group of miners was higher (104.49 µg/L) than that of the group of non-miners (40.90 µg/L). of the action of ROS as a result of high level of free radical can reduce body antioxidant enzyme systems so that the activities to encounter ROS will not be perfect. The low antioxidant defense system is resulted from the reduction of thiol cluster in protein antioxidant enzymes as it is bound by mercury, causing thinning and decreasing the activity of antioxidant enzymes such as glutathione peroxidase (GPx , superoxide dismutase (SOD) and catalase (CAT), this condition can lead to depletion of reduced glutathione level and accumulation of H 2 O 2 , which in turn leads to a build-up of hydroxyl radicals that are more reactive and dangerous that they can trigger oxidative damage in the cell membrane. 12, 13 The high level of ROS in the body can be shown by the low antioxidant enzymes of SOD, CAT and GPx. Oxidative stress occurs as the amount of ROS exceeds the amount of antioxidants in the body, in which the excess will attack the components of lipids, proteins, and DNA. 14 Some studies report that rats induced by mercury suffer from oxidative stress due to the depletion of the thiol especially GSH, increasing the production of ROS, lowering antioxidant enzymes SOD, CAT and GPx, and increasing H 2 O 2.
Mercury is free radical that can increase the formation of
4,15,16 Antioxidant enzymes are also known as primary antioxidants. A compound is considered to be a primary antioxidant, if it can provide hydrogen atom rapidly to the radicals, then the formed antioxidant radical is soon turned into a more stable compound. Antioxidant enzyme works by preventing the formation of new free radical compounds, or change the formed free radicals into a less active molecule. As the antioxidants, these enzymes inhibit the formation of free radicals by breaking the chain reaction (polymerization ), then turn it into a more stable product. This enzyme has existed in the body , but it requires mineral nutrient assistance such as mangane (Mn ), zinc (Zn), and copper (Cu) to work. The activity of SOD enzyme has an important role in the system of body immune, especially the activity of reactive oxygen compounds causing oxidative stress.
14 .
Catalase (CAT) is a heme-containing enzyme homotetramer, catalysing dismutasi hydrogen peroxide (H 2 O 2 ) into water and oxygen. 14, 23 This enzyme is found in all types of eukaryotic aerobic, which is necessary to destroy H 2 O 2 formed in peroxisomes via the oxidation reaction. This enzyme is able to oxidize one molecule of hydrogen peroxide into water (H 2 O) and oxygen (O 2 ) .
Cells containing small amounts of catalase are very vulnerable to peroxidation attack, therefore catalase has an important role in the cellular defense mechanism against hydrogen peroxide oxidator. The activity of catalase enzyme can be induced by the intake of antioxidants.
Glutathione peroxidase (GPx) is an antioxidant enzyme containing selenium (Se) on the active side. This enzyme works on reduced glutathione (GSH) and H 2 O 2 to produce oxidized glutathione (GSSH) and H 2 O. 14, 23 The activity of the enzyme glutathione peroxidase can reduce 70 % of organic peroxides , and more than 90 % H 2 O 2.
14 In order for these enzymes to work , it is always necessary to have a substrate, such as glutathione, which is peroxidase glutathione enzyme substrate.
The role of antioxidant enzymes of SOD, catalase and GPx in eliminating ROS presented in Figure 2 below : 
Conclusion
There is significant difference between the levels of mercury, the status of antioxidant enzymes of SOD, CAT and GPx in the group of traditional gold miners and non miners in Selogiri, Wonogiri, Central Java, Indonesia. 
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